Synthesis of aromatic nitrogen mustard agents and analysis of their alkylation activity at physiological pH and temperature.
A Structure Activity Relationship (SAR) study was accomplished with six aromatic compounds which have a nitrogen mustard (N-mustard) substituent. N-mustard agents are very important for the clinical treatment of many types of cancers. All N-mustard agents synthesized alkylated a nucleophilic primary amine (p-chloroaniline) in aqueous solvent at pH 7.4 and 37 degrees C. Rate constants and rate equations were determined for the alkylation reactions by monitoring the formation of a fluorescent complex formed when fluorescamine complexes the unreacted p-chloroaniline. Fluorescamine complexation of the unreacted primary amine halts the alkylation reaction and allows the determination of remaining unreacted primary amine, which in turn permits the determination of rate constants and rate equations. The fluorescamine-amine complex shows a strong absorbance peak at a wavelength of 400 nanometers in aqueous solvent. The molar absorptivity (epsilon) was calculated to be 18.37 L/(mole x cm). First order rate constants ranged from 0.513E-2 minute(-1) to 1.32E-2 minute(-1) with second order rate constants from 2.85E-2 (M x minute)(-1) to 4.78E-2 (M x minute)(-1). The aromatic compounds included benzoic acid, m-chlorobenzoic acid, hydrocinnamic acid, m-toluic acid, and 3,4-dimethoxybenzoic acid. The synthesis procedure produced the N-mustard agents at > or = 90% yield and high purity. Partition coefficient Log(Kow)Log P values ranged from 2.66 to 4.18. The N-mustard agents consisted of greyish-yellow crystals which retained alkylation activity for more than ten weeks when stored at -10 degrees C and were soluble in water at 25 degrees C and 37 degrees C.